Whiteflies, corn leaf aphids and stink bugs: Biology and management considerations for minor field crop pests Marlin E. Rice, Professor, Entomology, Iowa State University
Several species of minor pests attacked corn and soybeans in Iowa during 2007 . A brief review of their significance to these crops and pest management considerations are presented.
Whitefly
Whiteflies were very common in Iowa soybeans during the last week of july and the first week of August. Several people expressed concern that because of their abundance, whiteflies might cause yield loss in soybeans, either by themselves or in concert with soybean aphids. Almost nothing is known about whiteflies in Midwestern soybeans, but at times large populations in soybeans have been previously noted in both Illinois (Gray 1999 , Steffey 2007a and Iowa (Rice 2006 ) .
There are 62 species of whiteflies in North America (Byrne and Bellows 1991) . Prior to this year, the exact identification of the species in Iowa soybean was unknown. Therefore, specimens were collected from both soybean and velvetleaf, a common weed in soybean that frequently has whiteflies , and these were sent to David Byrne-a world expert on whiteflies at the University of Arizona. He identified the specimens from soybeans as the sweet potato whitefly, Bemisia tabaci , and those from velvetleaf as a different species-the bandedwinged whitefly, Trialeurodes abutilonea. However, specimens collected from Illinois soybeans have been identified as the greenhouse whitefly, Trialeurodes vaporariorum , which is considered to be less of a threat to soybeans (Steffey 2007 ) .
Biology
The sweet potato whitefly is similar to the soybean aphid in many aspects. It is a small insect (0.85-0.91 mm in length), has a high reproduce potential (48-394 eggs per female), can reproduce without mating (unmated females produce only males) , has incomplete metamorphosis (no pupa) with four nymphal stages, feeds on plant phloem, produces honeydew, is multivoltine (2-6 generations per year) , and is a weak flyer (flying less than 15 minutes at a time and up to 3.1 miles), and females live 10-24 days (Byrne and Bellows 1991 , Byrne 1999 , McAuslane 2002 . It is not known whether B. tabaci overwinters in Iowa, if it migrates into Iowa from southern states on weather fronts, or whether it escapes each summer from greenhouses to infest surrounding soybean fields.
Whitefly nymphs, which are called crawlers, and adults have piercing and sucking mouthparts. Whitefly crawlers may resemble soybean aphids , but they lack visible antennae, long legs, cornicles (tailpipes) , and are powdery white in color. They can be found on the undersurface of leaves in soybean fields. Once the first-stage crawler has found a place to settle down and feed, it becomes immobile (i.e., it stops crawling) through the remaining three nymphal stages. The crawlers and adults remove sap from the plant and will produce honeydew where sooty mold may then develop. Whiteflies inject saliva and/or enzymes into soybean plants and large populations may result in the development of chlorotic leaf spots, wilted leaves, premature leaf drop , stunted plants, and plant death (Byrne and Bellows 1991) . However, none of these symptoms in soybeans were reported from soybeans this year.
Whiteflies have a high reproductive potential and are notorious for quickly developing resistance to insecticides. For these two reasons, whiteflies have historically been major pests of greenhouse plants, commercial vegetables, and cotton. They have caused economic damage to soybeans in southeastern Australia, where 25 percent yield losses have been documented. In the United States, whiteflies have infested soybeans in Florida and Georgia where their populations also have caused yield reductions. Yield loss comes from sap removal, extensive sooty mold on the leaves, honeydew produced by the insects, and incomplete soybean pod filling. Whiteflies in Midwestern soybeans are not considered to be serious pests, but their abundant populations this year captured the attention of many crop scouts. The sweet potato whitefly has been recorded from 63 plant families and more than 500 plant species (Mound and Halsey 1978) .
Two whitefly biotypes
Bemisia tabaci was described as a pest of tobacco in Greece in 1889 and was first collected in the United States on sweet potato in 1897 (Brown et al. 1995) . Prior to 1986, it was only an occasional crop pest in the United States, but in that year it became a severe economic pest in Florida (McAuslane 2002) . It attacked horticultural crops that previously it had not infested, such as poinsettia, and was resistant to many insecticides that were previously effective in controlling the insect. It transmitted new plant pathogens that had never affected cultivated crops, such as squash silverleaf disorder. This whitefly was thought to be a new biotype (designated as B biotype) of B. tabaci and was inadvertently transported throughout Europe, Africa, Asia, South America and the U.S. on ornamental plants during 1985 -1986 (Brown et al. 1995 . From Florida, it spread quickly into Texas, Arizona, and California, attacking agricultural and horticultural crops in these states. The B biotype displaced the original B. tabaci (A biotype), which is no longer found in the United States (McAuslane 2002) . The B biotype does not successfully mate with A, and it lays significantly more eggs, ingests greater quantities of plant sap during feeding, produces more honeydew, and induces phytotoxic disorders (Brown et al. 1995) . The B biotype was described in 1994 as a new species, Bemisia argentifolii Bellows and Perring, and given the common name silverleaf whitefly because of its ability to cause squash silverleaf disorder. The designation of this insect as a new species is not universally accepted and many entomologists refer to the sweet potato whitfely (B. tabaci B biotype) as the same insect as the silverleaf whitefly (B. argentifolii} (McAuslane 2002) . Today there are nine B. tabaci biotypes around the world (Brown et a. 1995) .
Insecticides and economic thresholds
Almost nothing has been reported regarding insecticide performance against whiteflies in soybeans. This past summer, an unreplicated trial was established on a small, one acre soybean field with a heavy whitefly population in Boone County The field was sprayed with a pyrethorid (cyfluthrin, Baythroid XL@ 1.6 oz./acre) using a tractor-mounted sprayer on August l. Five yellow sticky traps were placed in each section of the sprayed and unsprayed areas for three days (August 3-6). Counts of whitefly adults were 22,426 per trap (unsprayed area) and 4 ,429 per trap (sprayed area), indicating only an 80.3 percent population reduction in the sprayed area. Actual mortality of the whiteflies is unknown and some of the trap captures in the sprayed area may have been due to migration into the plot.
There are no economic thresholds for whiteflies in Midwestern soybeans and even in Florida where the insect is a pest of soybeans, there are no stated thresholds (Sprenkel 2005) . The combination of twospotted spider mites and soybean aphids may complicate treatment decisions in soybeans if these other two pests are below their respective economic thresholds. Obviously, there are no guidelines for considering all three pests in the same field, but until we have a better understanding of whitefly damage potential in Iowa soybeans, my recommendation is to not spray a soybean field solely for whiteflies. Insecticides applied to this insect have caused chemical resistance, which has led to whitefly "flare ups," similar to what we sometimes witness with twospotted spider mites in Iowa. It could be that after spraying millions of soybean acres in the United States for soybean aphid control during the last six years that we have either created resistant populations or enhanced the resistance that already existed in the population. This phenomenon was observed in Sudan were B. tabaci was a secondary pest of cotton but became a primary pest after frequent insecticide applications of dimethoate (Brown et al. 1995) and it has developed resistance to several pyrethroids (Hanafi et al. 2006) .
Two challenges in assessing potential whitefly damage to soybean are that there are no economic thresholds and that plant stunting and honeydew from soybean aphids will obscure whitefly llljury.
Corn leaf aphid
Corn leaf aphids are sporadic pests that can occur in large numbers in pre-tassel and tassel stage corn. Many plants may support small colonies but heavily infested plans also can occur throughout a field. After the tassel emerges, aphid populations usually decline and are no longer a significant problem. However, this may not be the case during dry summers when large populations may persist and the corn is under additional stress from insufficient soil moisture. Populations may continue to increase, the upper leaves may be killed, and the plant may not produce an ear.
Injury to corn
There are very little data on yield losses caused by corn leaf aphids. In 1991, I observed an infested field in Carroll County. On july 24, 15-20 percent of the plants were heavily infested with aphids and had dead tassels and upper leaves. Other plants were categorized as having few or no aphids and with live tassels and upper leaves. Seventeen heavily infested plants and l3 plants with few or no aphids were marked with flagging tape. Ears were later collected in October. The grain from each ear was removed, weighed, and adjusted to 15.5 percent moisture. Grain yield from aphid infested plants averaged 4.02 ounces, and three of the 17 plants were barren. Grain yields from the plants with few or no aphids averaged 6. 76 ounces. When yields were adjusted to the field population of 22,000 plants per acre, the yields for the two levels of infestation would be 107 and 181 bushels. Foott and Timmons (1973) found that a light infestation (maximum of 400 aphids on the tassel) caused average yield reductions up to 8.3 percent when plants were under drought stress, but zero to negligible losses when moisture was adequate. Moderate infestations (many hundreds of aphids on part of the tassel) produced average losses up to 34.8 percent under drought conditions and up to 11.8 percent when moisture was abundant. Severe infestations (many hundreds of aphids on most of the tassel) caused average yield reductions ranging from 4 3.2 to 91.8 percent when plants were under drought stress and up to 58.9 percent under conditions with adequate moisture. Very severely infested plants (many hundreds of aphids on all of the tassel and whorl leaves) were usually barren or had ears with few kernels, regardless of soil moisture conditions. Speculations as to the reasons for yield reductions because of aphid infestations include injury to the tassel resulting in failure to shed pollen, accumulation of honeydew on the tassel which prevents pollen shed, and covering of silks with honeydew or killing of silks which prevents fertilization. However, Foott and Timmons (1973) considered none of these factors to be important in their study. They concluded that aphid feeding resulted in excessive removal of plant nutrients, thereby resulting in physiological damage, which was expressed as fewer kernels per ear.
What kind of weather conditions are favorable for increases in aphid populations? Foott and Timmons (1973) examined the literature and noted that there was a wide range of opinion on the subject. They did note that hot and dry conditions should be the most favorable for population increases, based on the assumption that aphids reproduced faster at higher temperatures. On the other hand, aphids were adversely affected by severe rainstorms.
Economic thresholds
The potential for significant yield loss means that fields could be scouted to determine the need for an insecticide application. Whorls should be opened and populations evaluated two weeks before pollination because the populations at this time can increase by two levels of infestation, i.e. from very light to moderate, from light to severe, etc. (Foott and Timmons 1973) . The damage potential would be based on the percentage of plants infested, the levels of infestation where moderate to very severe categories at pollination would be the most important categories, and the amount of rainfall already received and forecasted (Foott and Timmons 1973) .
Economic thresholds for treatment have been developed for corn leaf aphids based on yield potential, anticipated corn market price, control costs, soil moisture conditions, and intensity of infestation (Foott and Timmons 1973) . The formula to calculate estimated treatment thresholds is as follows: treatment cost I (estimated yield x estimated market price x yield loss factor). An example for 180 bushels of corn worth $3.50 per bushel with a severe infestation and adequate soil moisture and $15 control costs is as follows: $15.00 cost/(180 bu/acre x $2.40 per bu x 0.34) = $15.00/214.2 = 7% plants infested.
If aphids are present deep in the whorl and feeding on the unemerged tassel, do not spray until the tassel emerges. If aphids are present outside the whorl or on the tassel, use the information in Table 1 and consider the percentage of plants that have moderate, severe, and very severe infestations. If 20 percent or more of the aphids is parasitized and predators (e.g., ladybug larvae) are actively feeding on the aphids, an insecticide application may not be needed. The onespotted stink bug, Euschistus variolarius, derives its common name from the males, which have a black spot on the ventral side of the abdomen. This species is one of a complex of polyphagous Euschistus species that attack various cultivated crops in the United States. Their feeding can seriously affect the quality and yield of a wide variety of plants including agricultural crops such as alfalfa, corn, soybean, and wheat, and horticultural crops such as apple, peach, pear, pecan, and tomato (McPherson and McPherson 2000) . They prefer to feed on plants that are producing pods or fruits.
Onespotted stinkbugs occur across the continent from the New England states to British Columbia and Oregon on the Pacific Coast. They overwinter as adults and because of this behavior, several authors have listed them as both univoltine and bivoltine (McPherson and McPherson 2000) . This species is common in Iowa, but whether they have one or two generations in the state is not known.
Injury to corn
Damage to corn from stinkbugs has been reported from Kentucky (Townsend and Sedlacek 1986) , Indiana (Annan and Bergman 1988) , and Iowa (Rice 1989) . Damage in Kentucky fields ranged from 70 percent of plants affected in localized areas to five percent distributed uniformly across a field. In Iowa, damage was observed in Ringgold, Union, and Wapello counties where the stink bugs had either killed or stunted nearly all the plants in several large fields (>80 acres in size). Damage was more prevalent in these states where corn was no-till planted into a winter wheat cover crop or where winter annual weeds were present. The overwintered adult stink bugs feed on the wheat or weeds in the spring and when it is eliminated with a herbicide the stink bugs are forced to feed on the emerging corn. No-till practices may contribute to the problem because there is minimal physical destruction to the cropping environment, and it may be difficult to ensure complete closure of the seed furrow during planting, which would allow stink bugs access to the terminal meristem of the seedling plant (Annan and Bergman 1988) .
Feeding by either adult or nymphal stink bugs on corn results in necrotic areas on the leaf and occasionally plant death. Feeding lesions appear as a series (usually 4-6) of nearly identical small round or elliptical holes often surrounded by a halo of yellow or brown necrotic tissue. Holes on expanding leaves may become so large that the leaf is cut in two by the injury The whorls of some plants become tightly wrapped and fail to unfold causing the seedling plant to twist and bind. Heavily injured plants frequently develop multiple tillers .
Stink bugs use their piercing-sucking mouthparts to feed on the vascular bundles of living plants. During a 72-hour period, Euschistus stink bugs will probe a corn plant with their mouthparts an average of 36 times (Apriyanto et al. 1989) . Stink bug damage is mostly confined to seedling and very early vegetative stage plants and may result in either deformed plants or dead plants. In a greenhouse study, Annan and Bergman (1988) caged single adults on VE , V2, and V4 stage corn plants for up to 14 days. Some seedling plants in the VE stage were killed by the stink bugs. If the plants survived the infestation, they found that when compared to uninfested plants, the infested plants were shorter, were delayed in tasseling by 7 days, delayed in silking by 10 days, had ears that were 29 percent shorter, and had 41 percent less dry ear weight. Plants infested at the V6 stage showed a significant reduction in plant height only at three days after infestation. This suggests that plants with six or more true leaves may not be affected by feeding from onespotted stink bugs. In a field study, stink bug feeding on VE plants resulted in 25 percent mortality and 8-12 percent mortality in V2-V4 stage plants. Surviving plants were significantly shorter at tasseling (28 inches) , had shorter internode lengths (0.4 inch), smaller stalk circumference (0.6 inch) , fewer kernels per ear (316), and less total grain weight per ear (2.4 ounces). Annan and Bergman (1988) noted that there were no differences in these measurements when the plants were infested at the VE, V2, or V4 stages, but emerging plants were more susceptible to plant death.
Tillering also is a consequence of both stink bug feeding and the length of time they are on the plants. The frequency of tillering increased with an increasing duration of exposure (5% at 24 hours , 10% at 48 hours, 30% at 72 hours , and 45% at 11 days) (Townsend and Sedlacek 1986 ), but feeding on a seedling corn plant does not necessarily result in tillering. Likewise, Sedlacek and Townsend (1988) found that the earlier in the growth stage a plant was injured by Euschistus stink bugs, the greater was the damage potential (Table 1) with tillering in one study reaching almost 53% (Apriyanto et al. 1989) . Feeding probes also affect tillering. No plants tillered with 18 or less feeding probes by a stink bug, while some plants with 49-62 also did not tiller (Apriyanto et al. 1989) . Tillering severity may not be a result only of feeding probes, but also the type or amount of tissue damaging resulting from the feeding. Chemical and physical damage to the growing point has been hypothesized as the cause of tillering, and tiller development is possible at each node if the periclinal cells in the third cell layer of the shoot are damaged (Apriyanti et al. 1989 ) . Significant yield reductions could occur with as little as one day feeding on emerging seedling corn, and there was a linear decrease in kernels per ear and grain weight per plant with increasing days of infestation for up to 14 days (Annan and Bergman 1988) . If a V2 plant survived an initial feeding period of 96 hours, the yield reduction could still be substantial. Yield reductions of 61-89 percent occurred for tillered plants and even if a stink bug injured plant did not produce tillers, the yield reduction could be as much as 25 percent (Apriyanto et al. 1989 ).
An Iowa example
The last time significant stink bug damage to field corn was reported in Iowa was 1989 (Rice 1989 ). In july 2007, an 116 acre field in Adair County was reported to have significant plant stand loss from stink bugs. The field was no-till planted on May 19 in 30-inch rows to corn (Wyffels 8171) and treated with the systemic seed treatment Poncho 250 (clothianidin). The previous crop was alfalfa, a known host for Euschistus stink bugs, and field pennycress, Thiaspi arvense, a member of the mustard family Brassicaceae, was very common throughout the field. Prior to corn emergence, the field was sprayed with 2,4-D and glyphosate. The field was inspected on july 3 and could easily be described as nearly a total crop loss. A large majority of the field had dead corn plants or plants that were severely tillered with only scattered small patches appearing to be unaffected. Fifty tillered and 50 "unaffected" plants were collected, dried and weighed. The heavily damaged stink bug plants were approximately 1/3 the height and weighed 80 percent less than unaffected plants (Fig. 1) . Photographs from this particular field are shown in Figures 2-4 .
Management recommendations
Guidelines for managing stink bugs are almost nonexistent (Annan and Bergman 1988) . They suggested that a stink bug management strategy should not be based on field scouting once the corn has emerged, because damage is most severe from infestations on coleoptile-stage plants, significant yield reductions can occur within 24 hours of infestation, and there are no scouting guidelines for stink bugs in seedling corn. It may be more practical to characterize the potential for damage based on the tillage system and preceding vegetation (i.e. type of cover crop or weed species). In Iowa, it should not be expected that a low rate of a seed treatment will provide any protection against stink bugs. Fields that are free from winter annual weeds are not at risk from stink bug damage. However, fields that are planted into alfalfa, a winter cover crop, or broad-leaf weeds should apply a liquid insecticide prior to corn emergence. 
